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Abstract 
In the present study, wild-type Drosophila melanogaster collected from stock culture were 
sub-cultured in three different types of solid culture media  (corn, barley and wheat) and 
control medium for two weeks to produce F1 generation. The duration of larval and pupal 
development, number of pupal cases and hatched flies were scored for first generation. 
The results were analyzed by using one-way ANOVA, Bonferroni multiple comparison 
test and paired sample t-test. The control medium showed no pupal cases and hatched 
flies. Among all the three solid culture media tested, corn meal, barley meal and wheat 
meal, the latter showed highly significant results at p≤0.001 than others. However, this 
parameter was not affected by the carbohydrate amount in the media. The present inves-
tigation is an attempt to evaluate the influence of different formulated solid culture media 
on the life span and reproduction of fruit flies. 
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INTRODUCTION 
Drosophila melanogaster, commonly known as 
the fruit fly, is the most extensively used model 
organism in research due to its high fecundity 
rate, short life span and adaptation time 
(Dermerec, 1950; Ranganath, 1999; Ashburner 
and Roote, 2000; Mitrovski and Hoffman 2001; 
Markow and O’Grady, 2006; Kenney and Borisy, 
2009). The life cycle of the fruit fly has four main 
stages; egg, larva, pupa, and adult; and duration 
of its development depends largely on different 
culturing conditions such as high carbohydrate 
and protein content, controlled conditions ranging 
between 200C and 250C, yeast for fermentation, 
absence of predation pressure and optimum pH 
range of 3 to 4 (Burnell et al. 1991,Purves et al, 
1998; Wayne et al., 2006; Dirkson, 2009; Parvathi 
et al, 2009; Sandhyarani, 2010). D. melanogaster 
can be easily bred on overripe and fermented 
fruits. Earlier studies have shown that different 
types of media such as corn meal medium, bana-
na jaggery medium, sucrose dextrose medium 
and maltose corn medium comprising different 
nutritional value and sugar contents affect the rate 
of development in fruit fly. Several varieties of 
yeast and additives including fruits, tomatoes, 
sugar, raisins, rice, molasses, and oat hulls were 
used for the standardisation of the Drosophila cul-
ture media (Baumberger, 1917; Bridges and Dar-
by, 1933; Tatum, 1939; Robertson and Sang, 
1944; Jaenike, 1986). The media like agar and 
cereals like corn flour, oat, wheat etc. are used as 
the most common ingredients for the solidification 
and high nutritive supplements for the fruit flycul-
ture media (Spencer, 1943; Flagg, 1998; Tee Sui 
Yee, 2010).  
Past researches have shown that laboratory rear-
ing of these flies is often limited by the longevity 
and shelf-life of the fruit culture medium used for 
rearing (Demerec and Kaufmann, 1996). This has 
prompted researchers to develop an effective sol-
id culture medium supplemented with yeast for 
laboratory culturing of these flies in large numbers 
(Wollard et al., 2006). Earlierstudies are primarily 
dedicated towards understanding the effect of 
culture medium on the fruit fly development. Little 
is known about whether the reproduction rate de-
pends on different developmental nutrition in fruit 
flies. Studies conducted by Widdowson and 
McCance (1935), Keller (2007) and Lushchak 
(2012) have revealed that fruits consumed 
by Drosophila speciesare rich in a mixture of fruc-
tose, glucose, sucrose and other carbohydrates; 
but they are generally not rich in proteins. Taking 
natural food sources into account, the present 
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 study has been taken up to develop a suitable 
culture medium using simple economic method-
which can results in adequate development as 
well as increased female fecundity in Drosophila 
melanogaster. 
MATERIALS AND METHODS 
Media preparation: The present study was car-
ried out under Department of Life Science Educa-
tion at Regional Institute of Education, Bhubanes-
war, Odisha. Effectiveness of different solid cul-
ture media was studied on the development and 
fecundity of inbred wild type Drosophila melano-
gaster. Three types of solid culture media were 
formulated and plain liquefied agar was used as 
control medium. Banana culture medium was 
used as the standard medium for the stock culture 
due to its higher carbohydrate content as men-
tioned by Hanschen (1993) and Stocker and Gal-
lant (2007). For the preparation of solid culture 
media, 100 gm each of three different types of 
cereals; corn flour, barley and wheat; were used. 
Each medium was  prepared by mixing 250 mL of 
distilled water with 40gm of jaggery and 100gm of 
the respective cereal. The media were mixed well, 
continuously stirred and heated till it thickened. A 
total amount of 4 gm yeast, 2mL of propionic acid 
(pH-2.79) followed by 7gm of agar agar was im-
mediately added to each media with continuous 
stirring and the final mixtures were allowed to cool 
for 5 minutes. Each type of culture medium was 
poured into four sterilised culture vials and few 
drop of fungal inhibitor, p-hydroxyl benzoic acid 
methyl ether were added. The culture vials were 
then plugged with cotton and labelled accordingly. 
Culturing conditions and transfer of inbred 
flies: The empty culture vials were autoclaved at 
1210C for 15-20 minutes and left for incubation 
overnight at room temperature. Different media 
were transferred in to these autoclaved vials sepa-
rately. The pH of all the solid culture media was 
maintained in the range of 3 to 4. The inbred flies 
from the stock culture were transferred to an emp-
ty bottle. The cotton wool soaked with 4 to5 drops 
of 4 % ether was used for plugging the bottle. 
When all the flies were anesthetised,  they were 
transferred into a  petridish within 30 to 40 se-
conds and examined under microscope. Male and 
female flies were identified by the presence or 
absence of sex comb, shape and number of ab-
dominal segments. After identification i, three 
male flies and three virgin female flies were trans-
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Fig 1. Culture of inbred flies in 
corn meal solid culture media-A 
on day 1, day 7 and day 11. 
Fig 2. Culture of inbred flies in 
barley meal solid culture media-B 
on day 1, day 7 and day 11. 
Fig 3. Culture of inbred flies in 
wheat meal solid culture media-C 
on day 1, day 7 and day 11. 
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Table1. Chemical composition of cereals (100gm) for solid culture media. 
S.N. Cereals 
taken 
Total carbo-
hydrate con-
tent (gm) 
Dietary 
fibre      
(gm) 
Fat 
(gm) 
Protein 
 (gm) 
Vitamin 
(mg) 
Trace ele-
ments (mg) 
Other con-
stituents 
1 Corn flour   78.7   12.2 2.8  6.8    -  281   - 
2 Barley   77.7   15.6 1.2  9.9  5.5 613.6   - 
3 Wheat   72.6   12.2 1.9  13.7  8.3 938.6   - 
Source:"Nutrient data laboratory". USDA. 
S.N. Parameters Control Corn meal Barley meal Wheat  meal 
1 Larval development in days 0.00 ± 0.00 6.75 ±0.50 7.00±0.81 7.00±0.00 
2 Pupal development in days 0.00 ± 0.00 1.50±1.29 1.50±0.57 1.00±0.00 
3 Number of pupal cases 0.00 ± 0.00 53.25±6.65 76.50±18.23 129.75±9.28 
4 % Pupal mortality 0.00 ± 0.00 4.53±5.66 18.20±1.02 28.05±2.57 
5 Number of newly emerged F1 flies 0.00 ± 0.00 50.75±6.50 62.50±14.61 93.25±5.43 
Table 2. Changes observed in development of D. melanogaster among different solid culture media. 
Values represent the Mean ±  SD. 
Table 3. One-way ANOVA for the comparison of mean number of pupal cases in first generation of D. melano-
gaster among different solid culture media.  
S.N.   Culture media Sum of Squares df Mean Square F Sig. 
1 Between Groups 34751.250 3 11583.750 
100.112 .000** 2 Within Groups 1388.500 12 115.708 
3 Total 36139.750 15   
**significant at p≤0.001 
Table 4. One-way ANOVA for the comparison mean number of hatched flies in first generation of D. melano-
gaster among different solid culture media. 
S.N. Culture media Sum of Squares df Mean Square F Sig. 
1 Between Groups 18067.250 3 6022.417 
84.377 .000** 2 Within Groups 856.500 12 71.375 
3 Total 18923.750 15   
**significant at p≤0.001 
Table 5. Multiple comparison post hoc test (Bonferroni) for the comparison of the number  of the pupal cases in 
the first generation of D. melanogasteramong different solid culture media. 
S.N. Culture media Control Corn meal Barley meal Wheat meal 
1 Control   - .000** .000** .000** 
2 Corn meal     - .060 .000** 
3 Barley meal       - .000** 
4 Wheat meal         - 
Table 6. Multiple comparison post hoc test (Bonferroni) for the comparison of the number of the first generation 
hatched flies of D. melanogaster among different solid culture media. 
**significant at p≤0.001 
S.N. Culture media Control Corn meal Barley meal Wheat meal 
1 Control   - .000** .000** .000** 
2 Corn meal     - .437 .000** 
3 Barley meal       - .001** 
4 Wheat meal         - 
S.N.  Culture media  Mean Std. Deviation Std. 
Error 
 t  df Sig. (2-
tailed) 
1 Control pupal cases-hatched flies - - - - - - 
2 Corn meal pupal cases - hatched flies 2.500 3.742 1.555 1.608 3 .206 
3 Barley meal pupal cases - hatched flies 14.000 5.260 1.871 7.483 3 .005* 
4 Wheat meal pupal cases - hatched flies 36.500 5.260 2.630 13.879 3 .001** 
**significant at p≤0.001 
Table 7. Paired sample t-tests for the comparison of the number of pupal cases and the number of the first  
generation hatched flies of D. melanogaster among different solid culture media. 
*significant at p≤0.01 **significant at p≤0.001, df-Degree of freedom 
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 ferred into each culture vial which were plugged 
immediately (Figs. 1-3 ). The media were then 
incubated in a dark room at 250C. The stages of 
development of the inbred flies in each culture 
vials were observed every day. When the first 
generation pupa appeared, the parental flies were 
removed and after that, the total number of pupal 
cases in each culture vials were counted everyday 
till the emergence of adult flies.  
Collection of F1 flies: The first generation flies 
were counted in each culture vial as soon as they 
started to emerge. After hatching of all flies in 
each culture vial, flies were anesthetised and 
transferred into test tubes containing formalin so-
lution labelled according to the different solid cul-
ture media. Flies were transferred to the Petridish-
es for the total count. 
Research design and statistical analysis: In 
this study, Completely Randomised Design (CRD) 
was followed and analyses were performed by 
using SPSS statistical software 20. The results 
were analysed using three different types of tests; 
one-way Analysis of Variance (ANOVA), Bonfer-
ronipost hoc multiple comparison test and paired 
sample t-test. ANOVA was used to compare the 
means and variations among and between the 
results from all types of media. The Bonferronipost 
hoc multiple comparison tests were performed 
after ANOVA test to determine the medium having 
significantly different results compared to other 
media at significant levelp≤0.001. The paired sam-
ple t-test was conducted to compare the signifi-
cant differences in the number of pupal cases and 
hatched flies among all culture media.  
RESULTS AND DISCUSSION 
The duration of different developmental stages in 
days, percentage of pupal mortality, mean number 
of pupal cases and hatched flies for the first gen-
eration in different culture media were analysed 
(Table 2 and Figs. 4-8 ). The inbred parental flies 
produced only an average of 53 pupal cases in 
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Fig 4. Duration of larval development of D. melano-
gaster in different solid culture media (in days). 
Fig 5. Duration of pupal development of D. melano-
gaster in different solid culture media (in days). 
Fig. 9. Number of pupal cases in the first generation 
of D. melanogaster  in different solid culture media 
Fig. 7. Number of first generation pupal cases of D. 
melanogaster in different solid culture media.     
Fig. 6. Percentage of pupal mortality of D. melano-
gaster in different solid culture media.     
Fig. 8. Number of first generation hatched flies of D. 
melanogaster in different solid culture media. 
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 corn meal medium. Rearing of flies on barley meal 
medium showed moderate results where an aver-
age of 76 pupal cases was observed. Wheat meal 
medium showed the highest number of pupal cas-
es with an average of 129 pupal cases. Similar 
results were observed for the F1 hatched flies.  An 
average of 93 first generation flies hatched in the 
wheat meal medium followed by 62 flies in barley 
medium while corn flour medium contained only 
50 hatched flies. No pupal cases were observed 
in the control medium. One-way ANOVA tests for 
the comparison of population density among all 
types of solid culture media showed significant 
differences in the number of pupal cases and 
hatched flies at p≤0.001(Tables 3 and 4). 
Further, Bonferroni multiple comparison post hoc 
tests showed that corn flour medium had no sig-
nificant differences in the number of pupal cases 
with the barley medium. All other solid culture me-
dium showed significant differences at p≤0.001
(Table 5). Similar results were observed for the 
number of first generation hatched flies. All the 
solid culture medium showed statistically signifi-
cant results at p≤0.001 except corn flour medium 
and barley medium (Table 6). Paired sample t-
tests for the comparison of number of pupal cases 
and the number of the first generation hatched 
flies showed significant differences at p≤0.001in 
wheat medium, at p≤0.01in barley medium and no t-
value could be calculated for control medium as the 
parental flies in this medium failed to survive. These 
significant differences depict that the number of 
hatched flies was lower than the number of pupal 
cases observed. No significant differences was ob-
served for pupal cases and hatched flies in corn flour 
medium due to less pupal mortality (Table 7). 
The fruit flies require an average of 10 days to 
complete their life cycle if the cultures are main-
tained at 20 to 250C. The eggs are laid within 24 
hours, larval and pupal development both takes 
nearly four days and then there is emergence of 
new flies. (Geiger, 2002; Gilbert, 2000; Griffiths et 
al. 2000).The larval development in different for-
mulated solid culture media had taken nearly sev-
en days. The pupal development and emergence 
of new flies were first reported in wheat meal me-
dium (mean 1 day) followed by corn meal and 
barley meal medium (mean 1.5 days).In the wheat 
meal culture medium, the number of pupal cases 
and F1 generation flies was the highest which may 
be due to high protein content added with carbo-
hydrate in the medium (Table 1). Sang (1962), 
Fay (1989) and Uysalet al. (2002) in their study 
reported that the high protein content is vital for 
the increased reproductive efficiency and regener-
ation in D. melanogaster. 
Moreover, maximum pupal mortality was ob-
served in wheat culture media. High pupal mortali-
ty was due to the high moisture content and sticki-
ness of the media as a result of which the pupae 
remain stuck to the media and did not metamor-
phose into the adult flies. The other reasons for 
the increased mortality might be attributed to the 
autoclaving and fermentation process. Smith 
(1932) and Skirvin et al. (1986) in their study men-
tioned that high temperature during sterilization 
process converts sugar into acidic products and 
lowers the pH values of the culture media. Be-
sides, fermentation produces additional acidic 
products which increase the acidity of the culture 
medium (Remize et al., 1998). 
Further, hydrolysis of agar by acid and lack of nu-
trients for yeast lowers fermentation and retards 
the development in fruit fly (Anonymous, 2011). It 
is observed that corn meal medium showed less 
pupal mortality. The culture medium containing 
corn flour remains firm enough to resist liquefac-
tion caused by larval activity (Anonymous, 2007).  
However, inspite of high carbohydrate content, the 
number of pupal cases and first generation 
hatched flies in corn meal medium were found to 
be very low in comparison to all other media. This 
might be because of the dryness in the culture 
media. According to Catchpoole (2005), the desic-
cation stress is one of the major reasons for the 
mortality of parent fruit flies, reduced reproductive 
ability and reduced metamorphosis of the hatched 
larva in the culture media. In addition, it has been 
demonstrated by Lushchak et al. (2014) that the 
media containing high carbohydrate especially 
sucrose and low protein content may lower egg-
laying capability of fruit flies on the diets. In the 
liquefied agar control medium, the fruit flies were 
not able to survive as it lacks nutritional values 
which are essential for growth, reproduction and 
the development of flies.  
Conclusion 
On the basis of the findings, the number of first 
generation pupal cases and hatched flies ob-
served in wheat meal culture medium was signifi-
cantly higher than the results for all other culture 
media. Hence, it can be inferred that the wheat 
meal medium is the most suitable solid culture 
medium for breeding D. melanogaster. Converse-
ly, in the control medium fruit flies failed to survive 
and breed. 
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